UDDER INFECTION WITH STREPTOCOCCI OF THE SCARLET FEVER TYPE : II. A STUDY OF THE SCARLET FEVER TYPE OF STREPTOCOCCI ISOLATED FROM THE UDDER OF THE COW. by Jones, F. S. & Little, Ralph B.
UDDER INFECTION WITH STREPTOCOCCI OF THE 
SCARLET FEVER TYPE. 
II.  A STUDY OF TEE SCARLET  FEVER TYPE 0~" STREPTOCOCCI ISOLATED 
]~ROM THE UDDER  OF THE  COW. 
BY F. S. JONES, V.M.D., AND RALPH B. LITTLE, V.M.D. 
(From the Department of Animal Patkology of The Rockefeller Institute for Medical 
Researck, Princeton, N. Y.) 
(Received for publication,  March 9, 1928.) 
Our first paper (1)  dealt with the clinical manifestations resulting 
from invasion of the udder with a hemolytic streptococcus of probable 
human origin.  It was shown that the culture isolated from the udder 
was capable on inoculation into the udder of a second cow of producing 
severe mastltis. 
It was also stated that the ability of the streptococcus to lake blood 
in the test-tube, its pathogenicity for rabbits, and a llm~ting hydrogen 
ion concentration of pH 5.0 in dextrose broth differentiated it from 
the bovine streptococcus and indicated its human origin.  The present 
paper deals with this phase of the question and a further correlation 
of these streptococci with those of the scarlet fever group. 
Source of Cultures. 
The cultures  were drawn from several  sources.  Our own isolations  from the 
udder of the spontaneous  and experimental  cases were  regarded  as the primary 
type.  Those strains kindly furnished  us by Mr. J. V.  Mulcahy, Chief of the 
Bureau  of Bacteriology of the  New Jersey State Department  of Health,  who 
isolated them from the throats of milk handlers  at the dairy, have been indicated 
as F.C. and M.B.  Two cultures  of scarlet  fever streptococci  of known origin 
were used, one (N.Y.V) furnished by Dr. A. R. Dochez,  of the College of Physi- 
cians and Surgeons, Columbia University, and the other (Sc. 55) supplied by Dr. 
Anna F. Williams  of the Department of Health of the City of New York.  In 
addition three cultures  of Streptococcus epidemicus are included  in some of the 
comparisons.  Of this type,  C. 54 is  the second  bovine passage  strain  of  the 
streptococcus isolated by Brown and Orcutt (2) during a milk-borne epidemic of 
septic sore throat.  The others (744 and 4560) were obtained at various times 
by one of us (F.S.J.)  from the udder of cows. 
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Morphological and Cultural Findings. 
It  can be said that  little  difference exists  between the  organisms 
isolated from  Cows  1452,  1462,  4262,  and the throats  of  F.  C.  and 
M.  B.  and  the  known  scarlet  fever strains.  In  all,  chains  of  cocci 
up to 30 in number are not unusual.  All are Gram-positive and  all 
encapsulated.  On the  whole  the  capsules  are  considerably  smaller 
than  those  of  S.  epidemicus.  After  24  hours  incubation  in  plate 
cultures  containing  0.5  cc.  of defibrinated horse blood and  10  cc.  of 
agar  prepared  from  veal infusion  the  surface  colonies  are  round, 
TABLE  I. 
The Fermentation  Characters of the Streptococci Isolated from the Udder and from the 
Throats  of the Milk Handlers. 
Culture 
ZOW 1452, L.H.Q. 
"  1452,  R.H.Q.  (before 
inoculation) 
Cow 4262, R.F.Q .......... 
"  1462, L.H.Q.., 
throat F.C. 
"  M.B 
Non-hemolytic  mastiffs 
streptococcus  from  Cow 
1452, L.H.Q 
Final hydrogen  ion concentration  in 
5.2 
5.2 
5.0 
5.2 
5.2 
5.2 
4.5 
5.2  5.3 
5.2  5.2 
5.0  5.01 
5.4  5.3 
5.2  5.0 
5.3  5.3 
4.6  4.6 
7.2 
7.2 
7.4 
7.6 
7.2 
7.4 
7.0 
7.6  7.~ 
7.6  7.6 
7.4  7.6 
7.4  7.4 
7.6  7.6 
7.4  7.6 
7.6  7.6 
5.3 
5.4 
5.3 
5.6 
5.3 
5.4 
Action on milk 
Firm coagulation. 
4.7  "  " 
flattened,  translucent,  and  rarely  exceed  1 or  1.5  ram.  in  diameter. 
They are surrounded by a  sharp clear zone.  The deep colonies vary 
in shape from round to biconvex and form the nucleus of beta hemo- 
lyric zones averaging 2.5 ram.  in diameter.  A further 24 hours  incu- 
bation  fails to  increase the  size of the  colonies to  any  great  extent 
although  the  hemolytic  areas  are  increased  to  3.0-3.5  ram.  The 
colonies of S. epidemicus employed in  the  comparisons  were larger, 
more  sharply  raised,  and  distinctly  mucoid.  The  hemolytic  areas 
were  larger.  The  non-hemolytic  streptococcus  isolated  from  the 
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To  test the biochemic activities,  all  cultures were grown in  fer- 
mented broth (pH 7.4), to which sufficient of the test substance had 
been added to make a  1 per cent solution, for 7 days.  The results 
are recorded in Table I. 
Table  I  indicates  a  close  resemblance in  the  fermentation char- 
acters of the streptococci isolated from the  spontaneous udder in- 
TABLE  II. 
The Effect of the Cultures on Rabbits. 
1 
2 
3 
4 
5 
6 
7 
gm 
1,0] 
2,0.  ~ 
1,1( 
1,4~ 
1,5] 
1,04 
[,13 
Intravenous injection--24  hr. broth culture  Result 
1 cc. Cow 1452, L.H.Q., Culture A 
1  "  "  1452,  "  "  B 
1  "  "  1452, R.H.Q.,  before inocu- 
lation 
1 cc. Cow 1452, L.H.Q. 
1  "  "  4262, R.F.Q. 
i  "  culture from throat of F.C. 
1  "  "  "  "  "  M.B. 
Died.  28hrs.  Septicemia 
"  during  night  of  2nd  day. 
Septicemia 
Died.  36 hrs.  Septicemia 
"  on 4th day.  " 
Febrile reaction during first 7 days. 
Abscess  right  hock.  Chloro- 
formed  on  10th  day.  Strep- 
tococci recovered from abscess 
Febrile reaction during first 2 days. 
Bacteriemla during first 24 hrs. 
Chloroformed on llth day.  Ab- 
scess right hock.  Vegetation on 
right auriculoventricular valve 
Febrile reaction throughout period 
Bacteriemia  during  first  3  days. 
Chloroformed on llth day.  Ab- 
scesses  both  elbows.  4  vegeta- 
tions on right auriculoventricuiar 
valve 
fections and those obtained from the throats of the handlers at the 
distributor's.  All  attacked  dextrose,  lactose,  saccharose,  salicin, 
and coagulated milk whereas the other substances were not fermented. 
It is of interest to note that the passage of strain Cow 1452 through 
the udder of Cow 1462 failed to change its fermentation characters. 
The acid production of the non-hemolytic bovine streptococcus offers 
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Mention  has  been  made  of  the  pathogenicity  of  our  strains  for 
rabbits.  As soon as feasible after the isolations rabbits were injected 
intravenously with 1 cc. of a  24 hour broth culture.  The results are 
recorded in Table II. 
The  cultures  from  Cows  1452  and  1462  were  more  virulent  for 
rabbits  than  the  others.  That  from  Cow 4262  behaved  about  the 
same as did those isolated from the milk handlers.  These streptococci 
tended to localize in the joints and heart valves. 
It will be noted that the preceding characters indicate human origin, 
since the bovine streptococcus produces more acid and is not patho- 
genic for rabbits in similar doses.  They afford no specific differentia- 
tion  between S. scarlatin~e and S. epidemicus,  although  by inference 
it  might  be  said that,  since  Culture  1452  was identical  with  those 
obt,/ined from the throats of the milk handlers during an epidemic of 
scarlet fever, all three were of the scarlet fever type. 
Further  comparisons  were  regarded  as  essential.  Attempts  were 
made  to  group  the  strains  by their  agglutination  affinities.  Even 
though the cultures were grown for long periods at room temperature, 
as  suggested  by  Shibley  (3),  and  suspended  in  0.2  per  cent  NaC1 
solution  made  alkaline  with  NaOH,  the  results  were  inconclusive. 
The recent contribution of Lancefield (4) for the differentiation of streptococci 
by means of precipitin offered a means of separation.  Lancefield  has shown that 
immunization for long periods with broth cultures of streptococci results  in the 
production  of precipitin.  For antigenic purposes in conducting  the tests the 
growth from a liter of broth culture is suspended in salt solution to which sufficient 
N HCI is added  to make  a  concentration  of N/20.  The suspensions are then 
extracted  in a water bath at 100°C. for t  hour and neutralized with N NaOH. 
They are then freed of bacteria by centrifugation.  When suitable quantities  of 
such antigen are brought in contact with potent antiserum, the usual precipitin 
phenomena  develop.  When  the  fluids  are  mixed  considerable  precipitate  is 
formed. 
Rabbits  were  immunized  by  intraperitoneal  injections  of  killed 
cultures followed by smaller doses of living organisms.  For this pur- 
pose strains  Cow 1452,  F.  C.,  Scarlet  Fever N.  Y.  V,  Scarlet Fever 
55,  and  S.  epider~icus Cow 4560 were used.  Even  after  prolonged 
injection  the  sera of rabbits treated  with  straiu  Cow  1452  revealed 
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precipitin.  A  fair  serum  was  obtained  with  N.  Y.  V  and  strong 
sera with F.  C.  and  S.  etgdemicus  4560.  In Table  III we have  re- 
corded the  reactions  resulting from the  addition  of  0.15  cc.  serum 
to 0.4 cc. antigen. 
By means  of Lancefield's procedure it was  possible to  divide the 
streptococci into two groups.  Those associated with the milk-borne 
epidemic of scarlet fever--Cow 1452, Cow 1462, and F. C. and M. B.-- 
TABLE  III. 
Precipitation of Extracts of Streptococci with Various Antisera. 
Streptococcic extract 
Cow  1452 L.H.Q ...................... 
"  1452  R.H.Q, 
before injection  ..................... 
after injection  ...................... 
Cow  1462 L.H.Q ...................... 
Throat F.C .......................... 
"  M.B .......................... 
Cow 4262 ............................ 
Scarlet fever 55 ....................... 
"  "  N.Y.V  ................... 
S. epidemicus Cow 54  .................. 
"  "  "  744 ................. 
"  "  "  4560  ................ 
Culture Cow 
1452 
+* 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
Antisera 
Rabbit immunized with 
~t  Scarlet  fever 
cult~e  s~ep~occus 
F.C.  ~Y.V 
+++  +++ 
+++  ÷++ 
+++  ++ 
+++  ++ 
+++  ++ 
+++  ++ 
++  ++ 
+++  ++ 
+++  ++ 
456O 
_ 
+- 
+- 
+- 
+- 
+- 
+- 
+- 
+++ 
+++ 
+++ 
*  +  indicates moderate contact reaction with definite flocculation after mixing; 
+ +, a well defined contact with considerable  flocculent precipitation after mix- 
ing;  +++,  the maximum reaction. 
behaved  like  the  scarlet  fever streptococci N.  Y.  V  and  55.  The 
culture isolated from Cow 4262 had a similar antigenic affinity.  The 
three  strains  of  S.  epidemicus  comprised  a  separate  group.  There 
was a slight tendency to precipitation, as indicated by the +-  reac- 
tions,  when  the  extracts  from the  scarlet  fever group  were treated 
with S.  e#idemicus serum, but for purposes of classification these can 
be ignored since the reactions indicated by +  +  and  +  +  +  were so 
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In the  course of the further  correlation it proved  possible  in two 
instances by means of intracutaneous tests on persons susceptible to 
scarlet fever toxin to show that  culture Cow  1452  produced a  toxin 
similar to that of scarlet fever streptococcus N.  Y.  V  and that this 
toxin was neutralized by scarlet fever antitoxin. 
The following protocols are submitted. 
Cultures 1452 and N.Y.V were grown for 5 days in flasks containing a shallow 
layer of broth.  The cultures  were centrifuged  and the supernatant fluid passed 
through Berkefeld candles of V porosity.  Dr. Richard E. Shope of this Depart- 
ment, who had never had scarlet fever, volunteered as a subject.  One of the 
writers  (F.S.J.)  also proved susceptible to the scarlet fever toxin.  The filtrates 
were diluted in salt solution and the equivalent of  1/100  cc.  of filtrate injected 
intradermally.  The same amount of each  filtrate was mixed with 0.05 cc. of 
scarlet fever antitoxin and injected. - In all there were four injections,  (1) scarlet 
fever filtrate, (2) scarlet fever filtrate +  scarlet fever antitoxin, (3) culture Cow 
1452 filtrate, and (4) culture Cow 1452 filtrate +  scarlet fever antitoxin. 
Subject R.E.S. responded severely at Sites 1 and 3.  Site 2 was negative and 
Site 4 revealed  only a slight  reddening  without swelling, the redness subsiding 
rapidly. 
Subject F.S.J. responded most severely at Site 3, and had a definite reaction  a 
Site 1.  Sites 2 and 4 revealed some reddening which rapidly faded. 
DISCUSSION. 
The  evidence  seems  clear  that  a  streptococcus  indistinguishable 
from the scarlet fever type may, under certain conditions, gain access 
to  the  cow's  udder  and  there  produce  characteristic  inflammatory 
changes. 
That the streptococci isolated from the cows under study fulfill the 
criteria  outlined  for  human  streptococci  is  shown  by  their  ability 
to lake blood in the test-tube, their final hydrogen ion concentration 
(5.0) in dextrose broth, and their pathogenicity for rabbits.  Further- 
more they may be differentiated from S. epidemicus by their antigenic 
complex when tested with specific precipitin.  Extracts  prepared  in 
the  manner  described  by  Lancefield precipitated  well  with  scarlet 
fever serum but failed to do so when mixed with S. epidemicus  anti- 
serum.  The  neutralization  of  the  toxin  of  culture  Cow  1452  by 
scarlet fever antitoxin is further evidence of similarity.  As far as we 
could determine the passage through a second cow failed to markedly 
change the S. scarlatina-like  character of the strains. F. S.  JONES AND  P.ALPII B.  LITTLE  963 
SUMMARY. 
The streptococcus isolated from the udder of a cow on a farm where 
an outbreak of scarlet fever originated has been correlated with known 
scarlet  fever  strains.  This  streptococcus  and  another  also  isolated 
from the udder of a  cow are indistinguishable in cultural characters 
and certain antigen affinities from S.  scarlatin~e.  Skin tests indicate 
that the strain isolated from the milk of the cow in a herd to which 
the scarlet fever epidemic was attributed produced a toxin which was 
neutralized with scarlet fever antitoxin. 
We are indebted to Dr.  Richard E.  Shope of this Department for 
cooperation in making the skin tests. 
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